Abstract: This report describes the possibility of treating a patient affected by unilateral cleft palate and an extremely atrophied edentulous maxilla using zygomatic implants inserted in a conventional manner and maxillary implants inserted by means of a computerassisted surgery. A cross-arch prosthesis supported by 4 maxillary and 2 zygomatic implants may be an ideal mode of prosthetic rehabilitation for these kinds of patients. The use of zygomatic implants is essential to optimize load distribution and to increase prosthesis stability, whereas the use of computer-assisted surgery facilitates surgical procedures and makes it possible to improve patient satisfaction.
8
Aesthetic improvement of the malformation allows the patient to achieve an elevated level of satisfaction, with an improvement in self-confidence and self-image. 8, 9 Aesthetics and improved function of the stomatognathic apparatus in patients with cleft palate can be achieved by different methods: removable partial dentures and complete dentures, which give rise to patient discomfort and poor satisfaction, or overdentures supported by implants and preceded occasionally by bone grafts or orthodontic therapies that enable the defect to be reduced, making the application of a prosthesis possible. 10 The manufacture of overdentures supported by maxillary and zygomatic osseointegrated implants, combined with sinus lift and vestibular onlay, can be regarded as quite a difficult challenge for implantologists: computer-assisted surgery offers real assistance in the planning, execution, and finalization of implant-prosthetic treatment.
The authors aimed to describe an elderly patient affected by an untreated cleft palate who was rehabilitated using this kind of protocol to improve aesthetics and function.
CLINICAL REPORT
B.M.L., a 59-year-old patient affected by an untreated cleft palate, was referred to our department for the aesthetic and functional rehabilitation of the upper jaw. During the first visit, clinical and radiographic examinations were performed, revealing total edentulism of the maxillary arch and a severe condition of the dental arch in the mandible. The patient had previously been rehabilitated in a private office with a complete prosthesis supported by implants, inserted after a bilateral sinus lift; after 2 years, all the implants failed and led to a severe bone defect in the maxillary region. As a consequence, the maxilla had been rehabilitated with a complete denture that appeared incongruous from both the clinical and psychologic points of view.
The patient reported dissatisfaction with and an aversion toward the prosthesis that had been placed due to failure of the implants inserted during a previous attempt at implant-prosthetic rehabilitation.
The loss of implants caused bone defects, contributing to the resorption of edentulous ridges and bone malformation due to the cleft palate; these had produced a small bone volume in the maxillary region that failed to guarantee a favorable prognosis for a prosthesis supported by implants (Fig. 1) .
After evaluation of treatment alternatives, including a new complete denture, an overdenture supported by 4 zygomatic implants, or a fixed prosthesis supported by 6 maxillary implants after maxilla reconstruction with a free fibula flap, we decided to treat the patient by means of a protocol that scheduled 2 zygomatic implants, onlay grafts, inlay sinus grafts, and 4 maxillary implants via computerassisted surgery.
The execution of bone grafts and zygomatic implants, compared with the conventional all-on-4 protocol, was proposed to the patient to permit a more correct distribution of the occlusal loads on implants, thus reducing the risk of failure. Instead, a computerassisted surgery was proposed to decrease the patient's discomfort and morbidity and to perform immediate loading of all the implants with an adequate prefabricated prosthesis.
After obtaining informed consent and in view of the absence of contraindications to oral surgery, the sequence of the treatment was planned, among other things, with the aid of a computerassisted surgery software package (NobelGuide; Nobel Biocare AB, Göteborg, Sweden). This software package can be used to plan the positioning of implants, abutments, and provisional prostheses in a single stage, thanks to computer processing and computeraided design/manufacturing. 11, 12 Because the software could not be used for the insertion of zygomatic implants at the time of treatment, the patient underwent an initial operation under general anesthesia, during which the two 4 Â 35-mm zygomatic implants (Zygoma; Nobel Biocare AB), a bilateral sinus lift, and vestibular onlays with autologous bone taken intraoperatively from the iliac crest were performed (Fig. 2) .
After healing of the soft tissues, an impression was made with silicone (Impregum Penta Soft 3M ESPE, Milan, Italy) to obtain the cast. A complete denture was realized and rebased with acrylic resin (Eco-Acryl; Foresta-Dental, Zeist, the Netherlands) to facilitate the adaptation of the underlying tissues. In addition, a radiographic guide was made with acrylic resin and prepared with 12 gutta-percha markers positioned in different sites.
The patient was referred to a radiologic center for a double computed tomographic (CT) scan, as indicated in the NobelGuide protocol: after evaluation of the stability of the guide, the patient put it in and a CT scan was obtained; subsequently, another CT scan of the guide alone was performed. The CT scan data were processed using a specific surgical planning software package to create a threedimensional image of the maxillary area with a view to evaluating the anatomic structures, choosing the correct implant position and tilting (Fig. 3) , and creating a surgical guide by means of computeraided design/manufacturing technology (Procera System; Nobel Biocare AB).
Six months after the initial surgery, the patient was submitted to a second operation, during which the reopening of the zygomatic implants and the insertion of the 4 computer-planned maxillary implants (Branemark MK III; Nobel Biocare AB) were performed. The surgical guide was correctly positioned, and the 4 implants were inserted at sites 1.6, 1.4, 2.4, and 2.6; it should be noted that the 2 distal implants were localized in the maxilla tuberosity. The implant sizes were 3.75 Â 15, 3.75 Â 10, 3.75 Â 13, and 3.75 Â 11.5 mm, respectively.
A prosthesis made of acrylic resin (Biodent KB Plus; Dentsply, Hanau, Germany) and reinforced with a glass fiberY polymethyl methacrylate mesh (Sticktech; Sticktech Ltd Oy, Turku, Finland), previously realized through the initial impression and the surgical guide, was positioned after 24 hours to immediately load all the implants (Fig. 4) .
The patient was instructed in correct oral hygiene and put on a soft diet with occlusal checkups during the first month and then on a normal diet with clinical and radiographic follow-up examinations during the following months.
At the last follow-up examination, all the implants were correctly osseointegrated and the prosthesis appeared to be perfectly functional after 24 months of functioning (Figs. 5 and 6 ).
is well documented in the literature and enables success rates ranging from 82.2% to 90.9% to be achieved. 14Y18 However, the use of zygomatic implants was proposed in the following years to reduce the need for bone grafts.
19Y21
Implant-prosthetic rehabilitation can be difficult and affords both functional and psychologic improvements, above all in the case of patients with severe oral-maxillofacial defects. 8, 17 Although it may be the treatment of choice for these kinds of patients, the insertion of implants in the maxilla in the presence of marked bony defects may prove complex.
To facilitate the surgical procedures, the surgeon can use a computer-assisted surgical software package, which enables him to insert implants after analysis of the alveolar bone and planning of the implant position and to exploit the entire residual alveolar bone, which makes for greater implant osseointegration (Fig. 3) . 22, 23 Computer-assisted surgery offers the clinician numerous advantages in implant-prosthetic rehabilitation in totally or partially edentulous patients, such as visualization of anatomic structures, evaluation of implant position and inclination, easier and more accurate implant insertion, and the possibility of using prefabricated prostheses. 12 In this article, we present a case report of a patient with a cleft palate and other bone defects who we decided to treat in 2 steps: the first consisted of a bone graft from the iliac crest and 2 zygomatic implants, 20 and the second comprised 4 maxillary implants and the immediate loading of the provisional prosthesis with the aid of a computer-assisted surgery (Fig. 4) . 11 Pham et al 20 reported a single surgical procedure, combining 2 zygomatic implants and 4 maxillary implants, but postponed the provisionalization until a healing period of 6 months had elapsed.
Ahlgren et al 24 proposed 2 main indications for treatment with zygomatic implants and a previous graft: severe resorption of the alveolar bone in the maxilla after failed implants and maxillary defects related to a cleft palate. They also described various contraindications, such as an acute infection in the maxillary sinuses or an extremely reduced alveolar crest height.
In accordance with the fundamental criteria for osseointegration, various authors have suggested that there should be a waiting period of 6 months before loading zygomatic implants. In this case report, the authors illustrate the possibility of performing early loading of the 2 zygomatic implants at 3 months in conjunction with immediate loading of the 4 maxillary implants inserted during the computer-assisted surgery (Fig. 5) . The early loading of the 2 zygomatic implants can be justified by the fact that the splinting of the other implants due to the provisional prosthesis can reduce the micromovements of all implants and that the zygomatic bone has a bone density of 98%. 25 It should be borne in mind that early or immediate loading of maxillary implants is not feasible in all cases but only under well-established conditions such as a torque greater than 35 N/cm, a primary implant stability quotient greater than 60, an implant size larger than 3.4 Â 10 mm, a modified implant surface, implant splinting, and a good bone quality.
26Y37
The choice of a protocol that envisaged the immediate loading of 4 maxillary implants was made to reduce the number of surgical and prosthetic phases and also to reduce the overall time required for patient rehabilitation. Malò et al 38 were the first to show that this protocol was associated with a survival rate of 97.6%; other authors later confirmed similar survival rates for immediate loading of 4 maxillary implants.
39Y42
In the original all-on-4 protocol, the use of 4 maxillary implants was scheduled, 2 straight in the anterior region and 2 tilted in the posterior region, which were immediately loaded with a provisional cross-arch prosthesis. The use of 2 anterior maxillary implants is essential to avoid excessive cantilever forces. 21, 38 In patients with a cleft palate, there is often a bone deficit in that region due to malformation, which hinders the positioning of implants, increasing both the anterior and posterior cantilevers.
For this reason, Laine et al 17 demonstrated the need to reconstruct the premaxilla using free iliac crest bone grafts in patients with a cleft palate for better positioning of dental implants.
Recently, Ferreira et al 43 reported the rehabilitation of a patient with a hybrid (2 zygomatic and 2 conventional implants) all-on-4 implant-supported prosthesis for the maxilla, immediately restoring all 4 implants with an interim prosthesis; this procedure was described by the authors as a viable, fast, and effective treatment option.
In this case report, considering the experiences of Laine et al 17 and Ferreira et al, 43 we decided to treat the patient using a modified all-on-4 protocol, in which 2 zygomatic implants and 4 maxillary implants were scheduled in the posterior regions, because no implants could be inserted in the anterior region.
Moreover, it is worthy of note that the final implant position, implant splinting, implant surface and design, and above all, adequate surgical planning and execution (bilateral sinus lift and a vestibular onlay, computer-planned implants, etc) made it possible to guarantee sufficient stability of implants for immediate loading, thus meeting the patient's specific requests (Fig. 6) .
We do not claim, however, on the basis of experience with just a single case, that earlier or immediate loading of the implants is possible in all cases. Rather, we would suggest this as a preliminary finding pending validation on the basis of a greater number of successful cases.
CONCLUSIONS
This case report describes the management of an edentulous arch in a patient affected by an untreated cleft palate. The treatment of the patient was conducted in 2 stages: the first stage included the placement of 2 zygomatic implants and a vestibular onlay; and the second, the placement of 4 maxillary implants using a computerassisted surgical system. Despite the difficulty of the procedure, this approach enables the surgeon to solve the problems of an excessive cantilever effect owing to the use of zygomatic implants alone or the problems of insufficient stability owing to the use of maxillary implants alone, thus avoiding excessive loading of the defective area.
Computer-assisted surgery facilitates the planning of implant insertion, evaluating bone volume accurately to establish the optimal positioning and inclination of implants.
